Circularly polarized luminescence (CPL) is a chiroptical phenomenon consisting of the differential emission of right and left circularly polarized light by chiral systems (such as molecules, ionic pairs, polymers, metal complexes, supramolecular aggregates). The interest of CPL is due to the resolution provided by the circular polarization of the light, which allows the development of smarter photonic materials for useful technologies, such as 3D displaying, information storage and processing, communication of spin information (spintronics), or bioimaging (for example, ellipsometry-based tomography). In our Group, we have demonstrated that conformationally flexible bis(BODIPY)s are a good platform for the development of smart CPL-SOMs (single organic molecules enabling CPL). We present in this communication synthetic strategies for the modification of the parent structure, directed to the optimization of the CPL properties: (1) Introduce sterical hindrance in the flexible bridge, in order to modify the dihedral angle in the induced helix and (2) Explore new positions at which the bridge connecting both chromofores can be attached.
INTRODUCTION
Circularly polarized luminescence (CPL) is a chiroptical phenomenon that entails the differential emission of right and left circularly polarized lights by chiral systems (molecules, ionic pairs, polymers, metal complexes, supramolecular aggregates, etc.). [1] The interest of CPL is due to the resolution provided by the circular polarization of the light, which allows the development of smarter photonic materials for useful technologies, such as 3D displaying, [2] information storage and processing, [3] including high-security chiroptical cryptography, [3c] communication of spin information (spintronics-based devices), [4] or bioimaging (e.g, ellipsometry-based tomography). [5] Moreover, circularly polarized light can be used to promote asymmetric photochemistry, [6] to control the morphology in nanomaterials, [7] or to detect chiral environments (chiral sensing). [8] All these characteristics make CPL valuable for the development of envisaged advanced photonic technologies (e.g., CPL microscopy).
[9] Besides, but not less important, spectroscopy based on CPL is an indispensable source of information to know chirality factors in luminescent excited states. [1b,10] The level of CPL is quantified by the luminescence dissymmetry factor, g lum , [1b,11] whose values stand between −2 and +2 (completely right and left circularly polarized emission, respectively). Among the well-established chiral systems enabling CPL, mainly photoluminescent chiral lanthanide complexes with g lum  values typically into the 0.05-0.5 range, [1d,e,9a,10c,12] those based on simple (small, non-polymeric and non-aggregated) organic molecules, CPL-SOMs, have attracted considerable attention during the last five years. [13, 14] This is due to the enormous technological potential of these molecules to develop future advanced photonic (chiroptical) materials, mainly due to properties associated to the small size, which makes them interesting for the development of physiological CPL applications, as well as to their excellent organic-solvent solubility, which makes them valuable for the development of CPL-active dye-doped inclusion materials. [13a] Helicity has been demonstrated to be a privileged structural motive to achieve CPL in SOMs. [13a] In this sense, significant g lum values have been reported for several CPL-SOMs having helical chirality (mainly helicenes). [13a,14] However, with the exception of scarce cases (helicene-like molecules), [14b] the distortion of the involved helicene chromophore, which is associated to the enhanced CPL activity, usually spoils the emission efficiency at the same time. [13a] Furthermore, the enantiopure preparation of these CPL-SOMs is not straightforward in most cases. [13a,14] Hence, CPL-SOMs are rare, exhibit very small levels of circular polarization (g lum  typically into the 10 -5 -10 -3 range), and are restricted to a small number of chiral designs, which usually demand highly inefficient synthetic routes (racemate resolution or complex asymmetric processes are typically involved). [13a] Additionally, in most cases, the best g lum values are not coincident with the best emission efficiencies, or with the easiest synthetic procedures.
[13] Therefore, new structural designs for CPL-SOMs, combining together CPL activity, emission efficiency and synthetic accessibility (allowing future cost-effective materials) are required.
Regarding helicity and easily accessible SOMs, we have previously reported the capacity of (R,R)-1 and (S,S)-1 to adopt a self-induced preferential helical conformation in chloroform solution (P for the former, M for the latter; see Figure 1 ), leading to a strong and clearly bisignated visible (Vis) circular dichroism, which is due to the chirallyperturbed exciton-coupled absorption of the involved identical BODIPY (4,4-difluoro-4-bora-3a,4a-diaza-s-indacene) chromophores. [15] It must be noted here that, despite of the recognized importance of the BODIPY dyes in photonics, the study of chirality features in BODIPYs is still scarce, [13a,15-17] and chirally-perturbed BODIPY chromophores enabling CPL unusual. [13a,17] This chiroptical behaviour of (R,R)-1 and (S,S)-1 at their ground state, joined to their helical character and synthetic accessibility, prompted us to investigate their capacity to enable CPL. We found a CPL activity in the range of other CPL-SOMs. In this way, we established helically labile bis(haloBODIPYs) as an advantageous platform for the development of CPL-SOMs. This new design comprises, all-in-one, synthetic accessibility, labile helicity, possibility of reversing the handedness of the circularly polarized emission and reactive functional groups. All these characteristics make the new design unique and attractive as an advantageous platform for the development of smart CPL-SOMs. [18] Additionally, we have described a change in the CPL sign with a small structural change in the bridge (nitrogen by oxygen, see 2 vs. 1 in Figure 1 ). The found CPL reversal is very interesting, since the establishment of ways for the modulation of the circular handedness, by structural changes different to the inversion of the absolute stereochemical configuration, is a hot research objective in CPL-SOMs. [13d,19] Moreover, this CPL reversal demonstrates that small changes in the structure of the chiral bridge can affect enormously the CPL emission.
Based on our previous work, we are now interested in exploring synthetic strategies for the structural modification of the parent structure (1), directed to the optimization of the CPL properties of these dyes. Our first strategy lies in introducing large substituents in the flexible bridge, that would modify the dihedral angle in the induced helix. This change in the helicity is expected to have an effect on the chiroptical properties of the dye, since the latter are a consequence of the former. The second strategy is to explore new positions at which the chiral bridge connecting both chromophores can be attached, particularly, the meso position. This change would lead to a new structure which we expect would adopt a helical conformation as well, originated by the chiral bridge, analogously to what we found for 1. This new structure could present a new behavior, regarding its chiroptical properties.
RESULTS

Strategy 1: Steric effects in the chiral bridge
A series of bis(haloBODIPYs) based on 1 was synthesized (3-9, Figure 3 ). Commercially available chiral diamines 10 were chosen for this purpose, in order to have simple syntheses. Amines 10a-c have different sterically-demanding substituents, while keeping the structure of the chiral bridge in parent structure 1. Additionally, compounds 6-9, [21] having a more conformationally restricted bridge, were introduced here to complete the series. The synthesis of 3-5 was attempted starting from accessible meso-(p-tolyl)-α,α'-dichloroBODIPY (11), [22] using the corresponding enantiopure diamine 10a-c, according to the procedure used for the synthesis of 1 7a . However, the lower reactivity of these amines when compared to 1,2-diphenylethan-1,2-diamine made necessary to find new reaction conditions. After different attempts, 3-5 could be obtained by changing the base from Et 3 N to the less nucleophilic Et i Pr 2 N.
Strategy 2: New positions for the connection of the chromophores
For the preparation of bis(BODIPYs) connected through the meso position 12-16 (see Figure 3 ), [23] was used as the starting material. First, bis(BODIPY)
12, having the same spacer as analogous 1, was prepared by an optimized synthetic procedure based on the previously reported by Peña-Cabrera for S N Ar at meso position, [24] , [25] that is, the reaction of 17 with (1R,2R)-1,2-diphenylethane-1,2-diamine in the presence of DMAP in refluxing DCM (see Scheme 1). Even with these optimized conditions for obtaining 12, the major product was always monoBODIPY 18. Then, 13
(analogue of 2) could be obtained from 17 and (1R,2R)-1,2-diphenylethane-1,2-diol, by copper catalyzed S N Ar, as described by Peña-Cabrera [24] , [25] (Scheme 2). Scheme 3. Synthesis of bis(mesoBODIPYs) having a longer amine spacer.
CONCLUSION
We have synthesized two new series of chiral conformationally flexible bis(BODIPYs) by simple, one-step syntheses. In the first one, we have introduced modifications in the chiral bridge (large substituents in the diamine spacer and a binaphtyl unit tethering the two chromophores [21] ). These modifications are expected to alter the dihedral angle of the spacer, changing the induced helix, and having an influence in the CPL of the dyes. These change in the change of CPL based on a change on the structure will provide us with valuable information for the design of new bis(BODIPYs) with optimized CPL properties.
Additionally, we have prepared a second series of bis(BODIPYs) where the BODIPY units are attached by the meso position. We think that these structures can form a conformationally flexible helix in solution, as well, hence opening the way to explore new designs for CPL-SOMs.
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